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SUMMARY - Assessment of genetic differentiation in Italian populations of Austropotamobius pallipes species complex: taxonomic 
and management implications - Austropotamobius pallipes (Lereboullet, 1858) has been placed through several revisions, due to its high 
intraspecific variability: until now, two distinct species have been described in Italy, A. pallipes and A. italicus, the latter divided into four 
subspecies. Despite these taxonomic uncertainties, A. pallipes is still considered the only native freshwater crayfish in Italy, suffering a 
progressive decline of its populations during the latest decades, and now included in the Red List of the IUCN, in Annex III of Berna’s 
Convention, and in Annex II and V of EU Habitats Directive (92/43/EEC). Therefore, the aim of the present study was to investigate the 
genetic differentiation of Italian populations of the A. pallipes complex, using AFLP markers. AFLP data elaboration was preceded by the 
characterisation of mitochondrial 16S rDNA and COI haplotypes in two different reference populations, belonging to either A. italicus or 
A. pallipes, to verify their correct taxonomic identification as “true species”. The corresponding AFLP profiles were considered as refer-
ence data for comparison with all other populations. Two hundred specimens were analysed using five EcoRI and TaqI primer combina-
tions. More than 400 polymorphic bands were scored to generate binary data matrices (0 = electrophoretic band absence, 1 = presence) to 
assess within and between population differences and to suggest biogeographic considerations. 

RIASSUNTO - Indagine genetica sul complesso di specie Austropotamobius pallipes in Italia: valutazioni sistematiche ed implicazioni 
gestionali - L’alto grado di variabilità intraspecifica ha portato a numerose revisioni tassonomiche del complesso di specie Austro-
potamobius pallipes (Lereboullet, 1858): alcuni autori identificano in Italia due specie diverse, A. pallipes ed A. italicus, con quattro 
sottospecie appartenenti a quest’ultima. A livello normativo A. pallipes è considerata l’unica specie italiana di gambero di fiume, in 
costante rarefazione, inclusa nella “Lista Rossa” IUCN delle specie minacciate, nell’Allegato III - Convenzione di Berna e negli Al-
legati II e V - Direttiva Habitat 92/43/CEE. E’ stata avviata una ricerca con lo scopo di caratterizzare alcune popolazioni italiane del 
complesso A. pallipes attraverso l’impiego di marcatori AFLP. L’analisi dei profili AFLP dei singoli esemplari è stata preceduta dalla 
determinazione degli aplotipi mitocondriali 16S e COI in un congruo numero di campioni di A. italicus e di A. pallipes, per verificare 
la loro appartenenza a “buone specie”, e per l’attribuzione di profili fingerprinting specifici ai due gruppi sistematici. I corrispondenti 
pattern AFLP sono stati utilizzati come riferimento nel confronto tra tutte le altre popolazioni analizzate. Sono state utilizzate cinque 
combinazioni di primer EcoRI e TaqI in 200 esemplari. L’analisi di oltre 400 marcatori polimorfici, organizzati in matrici di dati bi-
nari (0 = assenza di banda elettroforetica, 1 = presenza) ha permesso di individuare differenze entro e tra popolazioni, consentendo di 
formulare considerazioni biogeografiche. 
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1.           INTRODUCTION

Austropotamobius pallipes (Lereboullet, 1858) (De-
capoda, Astacidae), the only native freshwater crayfish in 
Italy, plays an important role in the trophic web of freshwa-
ter ecosystems (Scalici et al. 2004), and it can be considered 
an useful bioindicator of water quality (Scalici & Gibertini 
2005). Once widely distributed in European countries, from 
Italy to the United Kingdom and former Yugoslavia (Fratini 
et al. 2005), the white-clawed crayfish in the latest decades 
was affected by a progressive decline of its populations, as a 
consequence of many different factors: degradation and loss 

of freshwater habitats, fishing exploitation and introduction 
of exotic crayfish species, which may act as competitors and 
vectors of crayfish plague Aphanomyces astaci Shikora (Hol-
dich & Reeve 1991). This dramatic situation increased the at-
tention on the conservation status of A. pallipes: actually, it is 
considered “vulnerable” on the Red List of the IUCN, and is 
included in Annex II and V of EU Habitats Directive (92/43/ 
EEC) and in Annex III of Berna’s Convention. 

In conservation programs many erroneous decisions 
may result if the taxonomic status of a species or a pop-
ulation is not correctly assigned (Frankman et al. 2002). 
A. pallipes has been placed through several revisions, due 
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to its high morphological and genetic variability (Fratini et 
al. 2005). Many different studies have been carried out in 
Europe to resolve this controversy, using varying criteria to 
classify the different groups. Based on a limited number of 
morphological and meristic parameters, Bott (1950) recog-
nised a single species, A. pallipes, and three subspecies; Ka-
raman (1962) distinguished the two species A. pallipes and 
A. italicus, the latter divided into three subspecies, while Bott 
(1972) reported the existence of endemic species A. bernd-
hauseri in Swizerland. In recent decades, the improvement 
of molecular techniques provided more information on al-
lozyme (Santucci et al. 1997) and genetic diversity, leading 
to a re-examination based on 16S rDNA gene by Grandjean 
et al. (2002). According to these results, two species exist, 
A. pallipes (France and British Isles) and A. italicus, this one 
divided into three subspecies: A. i. italicus (Italy, France, 
Spain),  A. i. carsicus (France and Slovenia) and A. i. car-
inthiacus (Austria, and Swizerland). Recently, Fratini et al. 
(2005) using 16S mtDNA sequencing of Italian populations, 
suggested the occurrence of both distinct species in Italy, A. 
pallipes and A. italicus, the former confined to North-West-
ern regions, the latter distributed across the entire peninsula 
and divided into four subspecies: the three mentioned above, 
and the newly proposed A. i. meridionalis in the Central and 
Southern regions. The two different species overlap only in 
the Ligurian Apennine. 

Zaccara et al. (2005) investigated the diversity of  
A. italicus also using the COI mitochondrial gene for the 
populations of Po River drainage basin, but in a larger 
study Trontelj et al. (2005), used the COI gene sequences 
to investigate phylogenetic and phylogeographic relation-
ships for the entire European freshwater crayfish genus 
Austropotamobius. They recognised the two traditional 
taxa Austropotamobius torrentium (Schrank, 1803) and A. 
pallipes, but the split of the former taxon into A. pallipes 
and A. italicus could not be deduced from phylogenetic 
trees (Trontelj et al. 2005). As a consequence, system-
atic uncertainties still remain. Therefore, the aim of the 
present study was to investigate the genetic differentiation 
of Italian populations of the A. pallipes complex, using 
both mitocondrial and nuclear markers, with a methodo-
logical approach based on 16S rDNA and COI genes se-
quencing and AFLP polymorphisms. 

2.           STUDY AREA

We collected 199 specimens of the white-clawed 
crayfish, caught both by hand and nets, from 35 Italian 
populations. Sampling sites (Table 1) were chosen from the 
Alps to Southern Apennines to cover a wide portion of the 
Italian distribution of the species. In addition, we collected 
3 individuals of A. torrentium from Hungary to be used as 
outgroup for the mitochondrial and AFLP analyses.

3.           METHODS

High molecular weight genomic DNAs were extracted 
and purified from ethanol-fixed muscle tissue stored at −20 
°C. Muscle tissues were collected from fragments of pleio-
pods and chelae taken from live samples, without sacrifice 
of animals. DNA was extracted either according to the clas-

Tab. 1 - Details of examined populations: N = population number, 
S. SITES = sampling sites (Provinces), POP. = population label, 
SPEC. N = number of specimen analyzed for each population.
Tab. 1 - Popolazioni esaminate: N = numero della popolazione, 
S. SITES = stazioni di campionamento (provincia), POP. = sigla 
identificativa della popolazione,  SPEC. N = numero di esemplari 
analizzati per ciascuna popolazione.

N S. SITES POP. SPEC.N

1 Fosso Ariana (Rieti) A 4

2 Fosso Argentina (Terni) AR 2

3 Bussento (Salerno) B 4

4 Bragamonti (Cuneo) BR 3

5 Bussentino (Salerno) BU 7

6 Torrente Oxentina (Imperia) C 3

7 Castagno d’Andrea (Firenze) CD 11

8 Rio Ceppeta (Arezzo) CEP 14

9 Fontanile (Cremona) CR 5

10 Fosso Duranna (Roma) D 3

11 Lago Pranda (Reggio Emilia) LP 5

12 Il Mulino (Firenze) M 1

13 Fosso Doglio (Perugia) MC 5

14 Torrente Nenno (Genova) N 10

15 Fosso Olpeta (Viterbo) OL 3

16 Fosso dei Pantani (Viterbo) P 4

17 Torrente Licenza (Roma) PE 12

18 Rio Rialasco (Genova) R 3

19 Rio Canvella (Prato) RC 7

20 Rio Gamberi (Verbania) RG 4

21 Torrente Chiusola (La Spezia) TC 2

22 Roggia di Terlago (Trento) TR 5

23 Risorgive del Ticino (Novara) TIC 4

24 Torrente Stirone (Parma) STIRONE 4

25 Udine UD 7

26 Fosso Vetrina (Chieti) V 3

27 Valle Peso (Cuneo) VP 3

28 Torrente Zena (Bologna) ZE 2

29 Pistoia PIS 10

30 Rio Valturcana (Belluno) VTU 20

31 Torrente Verde (Chieti) CH 3

32 Chieti S 2

33 Arandolo (Cuneo) AN 5

34 Torrente Rossana (Cuneo) ROS 7

35 Villa D’Agri (Potenza) BAS 12

36 Ungheria A. torr. 3
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sical SDS-proteinase K and phenol-chloroform technique de-
scribed by Moore (1999) or alternatively by means of the Aq-
uapure genomic DNA kit (Biorad). DNA quality was assessed 
by means of electropohresis on 1% agarose gel in TAE buffer. 

Characterisation of both 16S e COI mitochondrial 
haplotypes was carried out in two different reference popu-
lations, belonging to either A. pallipes (Nenno-“N”) or A. 
italicus (Pistoia-“PIS”) sensu Grandjean et al. (2002) and 
Fratini et al. (2005) to verify their correct taxonomic iden-
tification as “true species” for a total of 20 specimens. The 
corresponding AFLP profiles were considered as reference 
data for comparison with all other populations.

We used the primers HCO 2198 and LCO 1490 (Fol-
mer et al. 1994; Trontelj et al. 2005; Dawnay et al. 2007) to 
amplify a fragment of the COI gene, by applying 40 cycles 
of 30s at 95°C, 45 s at 45°C, and 1 min at 72°C, after an 
initial 10 min denaturation step at 95°C.

Primers 16Sar and 16Sbr (Fratini et al. 2005) were 
used to amplify a fragment of the 16S gene with the follow-
ing conditions: 35 cycles of 30s at 95°C, 30 s at 48°C, and 
45s at 72°C, after an initial 5 min denaturation step at 95°C. 
PCR products were purified by eluition from a 2.5% agar-
ose gel, then precipitated with 3 volumes of 100% ethanol, 
and washed with 70% ethanol. Both genes were sequenced 
in the forward and reverse directions with CEQTM DTCS-
Quick Start Kit (Beckman Coulter) on “CEQ™ 8000 DNA 
Analysis System” (Beckman Coulter).

The sequences were compared with data available 
in genomic databases using a BLAST procedure and multi-
ple alignments were produced using the software Clustal X 
and Sequencher, verifying the correctness of the aligment 
at single nucleotide. 

The Neighbour-Joining trees were obtained from 
the COI and 16S sequences using Phylip software 3.6  and 
visualised by Treeview sofware (version 1.6).

AFLPs profiles were obtained following the proto-
col by Maldini et al. (2006), using 5 primers combinations: 
E32-T33 (eAAC-tAAG); E33-T32 (eAAG-tAAC); E32-
T32 (eAAC-tAAC); E40-T37 (eAGC-tACG); E33-T37 
(eAAG-tACG). A 1.7 μl volume of PCR product and 0.3 
μl of DNA internal size standards (CEQ DNA Size stand-
ard-600 Beckman-Coulter) were added to 40 μl of deion-
ized formamide (J.T. Baker, Phillipsburg, NJ). Samples 
were then loaded into the “CEQ™ 8000 DNA Analysis 
System” (Beckman Coulter). Running conditions for capil-
lary electrophoresis, raw data elaboration and reproducibil-
ity are reported in Papa et al. (2005). Analysed data were 
exported to Genographer software (Vers.1.6.0, Benham 
J.J., Montana State University 2001), for single specimen 
comparison and scoring. Genographer software allows the 
construction of a virtual gel with bands shaped on the base 
of peak height, resolution and mobility and permits a thor-
ough analysis of single fragments. Presence or absence of 
fragments in each individual were scored as 1 or 0, respec-
tively. A binary data matrix was then created and analyzed 
with the sofware Genetix which allows a multivariate sta-
tistical analysis of AFLP data.

4.          RESULTS

A region of 600 bp was amplified and sequenced 
within the 16S gene sequence, whilst 650 bp were obtained 

Fig. 1a - Neighbour-Joining tree inferred by the 16S gene sequen-
ces analysis, with bootstrap values.
Fig. 1a - Albero filogenetico ottenuto con il metodo di Neighbour-
Joining dall’analisi delle sequenze del gene mitocondriale 16S, 
con i rispettivi valori di bootstrap.

Fig. 1b - Neighbour-Joining tree inferred by the COI gene sequen-
ces analysis, with bootstrap values.
Fig. 1b - Albero filogenetico ottenuto con il metodo di Neighbour-
Joining dall’analisi delle sequenze del gene mitocondriale COI, 
con i rispettivi valori di bootstrap.
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from COI gene. Sequences were aligned with Genbank data 
(Table 2) to a final length of 450 bp and 400 bp for 16S 
and COI gene respectively. Neighbour-Joining trees were 
obtained with high bootstrap values (Fig. 1a, 1b).

Mitochondrial haplotypes for both 16S and COI 
genes were split into two major clades corresponding to 
Nenno (N) and Pistoia (PIS) specimens: Nenno’s always 
grouped with A. pallipes sequences, while Pistoia’s with A. 
italicus sequences. A. torrentium was also separated from 
the A. pallipes-italicus group.

Considering AFLPs, 1010 fingerprinting profiles 
were obtained from 202 suitable specimens amplified with 5 
primers combinations. A total of 535 bands were scored, 56 
of which were monomorphic, while 479 were polymorphic. 
The mean number of bands was about 107 for each primer 
combination. Monomorphic loci ranged from 8 to 15, and 
polymorphic ones ranged from 86 to 107, depending on the 
primer combination (Table 3). The total percentage of poly-
morphism was about 90%, a high but expected value using 
this tecnique, which returns fingerprinting profiles relative 
to the entire genome. Results were in accordance with what 

described by previous AFLP studies on crustaceans and in-
sects (Sun et al. 1999, Mendelson & Shaw 2002; Salvato et 
al. 2002; Cannas et al. 2003; Gili et al. 2004; Mendelson et 
al. 2004). Considering the two main reference populations 
characterised by 16S and COI mitochondrial sequences, 
Nenno corresponding to A. pallipes (sensu Grandjean et 
al. 2002) and Pistoia corresponding to A. italicus italicus 
(sensu Grandjean et al. 2002), only 42 bands out of 535 
(9%) were diagnostic (i.e. always present in a group and 
absent in the other); conversely, the two populations shared 
27% of the total bands (144 out of 535). Besides, 11% of 
the loci were monomorphic in all the examined individuals 
of A. pallipes complex.

Considering the 3-Dimensional FCA (Factorial 
Correspondence Analysis) generated by the software 
Genetix (Fig. 2), the congeneric outgroup A. torrentium 
is well separated, while most populations of A. pallipes 
complex are grouped together, showing a high overall 
variability within the entire dataset and no strong sub-
clustering of populations. The main factor is explained by 
Axis 1, accounting for 15.53% of the total variance.

Tab. 2 - Mitochondrial 16S and COI genes sequences from GenBank included in the analysis.
Tab. 2 - Sequenze dei geni mitocondriali 16S e COI ottenute da GenBank ed incluse nell’analisi.

mtDNA gene taxon sequence label GenBank accession number and original source

16S A. pallipes PAL1 AY521285 (Zaccara et al., 2004)

16S A. pallipes PAL2 AY611203 (Fratini et al., 2005)

16S A. pallipes PAL3 AY521287 (Zaccara et al., 2004)

16S A. italicus ITA1 AY611189 (Fratini et al., 2005)

16S A. italicus ITA2 AY611187 (Fratini et al., 2005)

16S A. italicus ITA3 AY611185 (Fratini et al., 2005)

16S A. torrentium A. torrentium AM181348 (Schubart & Huber, 2006)

COI A. pallipes PAL AY667115 (Trontelj et al., 2004)

COI A. italicus ITA3 AY121114 (Iaconelli & Cianchi, 2002)       

COI A. italicus ITA4 AY121115 (Iaconelli & Cianchi, 2002)    

Tab. 3 - Monomorphic, polymorphic and total loci scored by AFLPs analysis.
Tab. 3 - Loci monomorfici, polimorfici e totali ottenuti attraverso l’analisi dei marcatori AFLP.

PRIMER COMBINATION MONOMORPHIC LOCI  POLYMORPHIC LOCI  TOTAL % POLYMORPHISM

eAGC tACG 12 86 98 88

eAAG tACG 9 104 113 92

eAAG tAAC 8 86 94 91

eAAC tAAC 15 96 111 86

eAAC tAAG 12 107 119 90

TOTAL  5 56 479 535 90
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5.           DISCUSSION

Considering the 16S and COI gene sequences, two 
different haplogroups were observed within the A. pal-
lipes complex, corresponding to the two reference popula-
tions and which could possibly match the taxa described by 
Grandjean et al. (2002). Nevertheless, the AFLP fingerprint-
ing does not reveal significant differences among popula-
tions and suggests the presence of a unique, highly variable 
group. Is it possible to explain this apparent contradiction 
beetween mitochondrial and AFLP fingerprinting results?

AFLP markers are a powerful tool to assess genet-
ic diversity, in particular for establishing relashionships 
among closely related taxa (Mendelson & Shaw 2005). 
They have many advantages, due to their time and cost ef-
fectiveness, replicability and resolution efficiency which 
are equal or superior to those of other markers (Mueller 
& Wolfenbarger 1999), and they generate hundreds of 
informative loci with a high number of polymorphisms 
(Papa et al. 2003).

In this case, more than 500 analysed loci seem to indi-
cate that the A. pallipes and A. italicus species sensu Grand-
jean et al. (2002) are not well separated, as also observed by 
Trontelj et al. (2005). Maybe as a result of an ancient but 
incomplete speciation process, the present-day mitochon-
drial variability is structured into well defined haplogroups, 
but nDNA evidence suggests that the two taxa can not be 
considered as different and reproductively isolated species.

6.           CONCLUSIONS

This study revealed that, conversely to what as-
sessed by mitochondrial markers, in particular 16S rDNA 
gene sequences, one unique species of native freshwater 

crayfish occurs in Italy: A. pallipes; analysing more than 
500 loci of  the entire genome with AFLP markers, we did 
not find evidence of a separation beetween this taxon and 
A. italicus.

To confirm this hypotesis, also the outcomes of mor-
phometric investigations could play an important role; in 
fact, species-specific diagnostic morphological characters 
were never identified for A. pallipes and A. italicus. Geo-
metric morphometry represents an interesting additional 
approach to evaluate differences between these two groups, 
because it can explore not only meristic or morphometric 
charaters, but also variation of the whole shape of a single 
structure. A geometric morphometric study on A. pallipes 
and A. italicus is currently in its final stages and the results 
seem to support the genetic evidence (Scalici, pers. comm.).
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